STUDY DESIGN AND METHODS: We linked the Sax
Institute's 45 and Up Study data, which asked self-report of blood and plasma donation including the date of most recent donation to the blood donor database at the Australian Red Cross Blood Service. We used the linked data to validate the accuracy of self-reported blood donation history including the completeness and accuracy of reported date of most recent donation.
RESULTS:
Of the total 142,503 participants, 47.8 and 5.1% reported ever donating blood and plasma, respectively. Of those self-reporting blood donation (n = 23,113) and plasma donation (n = 4,451) within the last 10 years of survey, 6262 (27.1%) and 1444 (33.0%) had no record of donation within that period, respectively. Among those who had a record of blood and plasma donation within 10 years before the survey, 97.6 and 93.0% correctly self-reported ever donating blood and plasma, respectively. Donors consistently reported a donation date more recent than the actual recorded date, and the median discrepancy and variability increased as the length of time from the survey date to the actual date of donation increased.
CONCLUSIONS: Almost 98% of donors donating blood within a decade of survey completion date can correctly self-report their history of donation as ever donating blood, whereas 27% of participants self-reporting donation within a decade may not have actually donated blood. Further, self-reported date of blood donation is not a reliable measure of actual date of donation. E pidemiologic studies commonly use self-reported data to ascertain the status or level of exposure or outcome variables. However, the validity of such studies may be severely threatened by various forms of systematic errors such as recall bias, acquiescence response bias, and social desirability bias. 1 Recent advances in the development and efficiency of data-linkage mechanisms have made self-reported data easier to validate if the actual information is recorded and available in electronic databases. Various studies requiring information on blood donor status and blood donation history, such as those aimed at improving the retention rate of donor populations, comparing risk profiles of donors and nondonors, and examining the medium-and long-term impact of blood donation on donor health, have used self-reported data to measure the exposure or outcome status related to blood donation. [2] [3] [4] [5] [6] Similarly, researchers outside of blood collection agencies, and those in countries where multiple blood collection agencies operate without a collective national database, may rely on self-reports to measure blood donation history. However, there are very few studies that have examined the validity of self-reported status of blood donation and measured the extent of response bias. A previous study in Australia validated the blood donation status and number of donations made by comparing the self-reported data and information obtained through record linkage to the database of the Australian Red Cross Blood Service (the Blood Service). This study, though small in size (n = 394), reported 87% concordance of blood donation status in self-reports and Blood Service records but reported that donors are likely to overreport the number of donations by twofold. 7 Similarly, another study conducted in Switzerland also reported approximately twofold overreporting of number of donation in the Swiss Health Survey compared to the data based on donor registry. 8 In the context of reporting of calendar date of most recent donation, we are not aware of any other study that has assessed the completeness and accuracy of reported date of blood donation compared to recorded donation history. In this study, we used the Sax Institutes 45 and Up Study data linked to the Australian Red Cross Blood Service donor database to measure the proportion of participants who correctly reported their history of blood and plasma donation given such donation was made within recent 10 years from the date of survey and the proportion of incorrectly reporting donations claiming such donations have been made in the same time frame. Further, we examined the completeness and accuracy of self-reported date of most recent donation.
MATERIALS AND METHODS

Data sources and data linkage
The Sax Institute's 45 and Up Study at baseline recruited approximately 267,000 participants between 2006 and 2009 who were aged at least 45 years at recruitment and were living in New South Wales (NSW), Australia. The cohort profile has been published elsewhere. 9 In brief, adults at least 45 years were randomly sampled from the Department of Human Services enrollment database (formerly known as Medicare Australia) and invited to participate. Those who agreed completed a baseline questionnaire at recruitment, providing information on sociodemographics, health, lifestyle, and self-reported height and body weight. Participants consented for long-term follow-up and record linkage of their information to a wide range of health administrative databases. 9 From 2012 to 2015, eligible participants of the 45 and Up Study were again surveyed for follow-up. Participants filled in a follow-up questionnaire that included similar questions to those of baseline for time varying information and some additional questions including any history of whole blood and plasma donation. A total of 142,503 participants responded in the follow-up survey. The question for whole blood donation history was asked as "Have you ever been a blood donor?" with three response options: "yes", "no," and "unsure." The participants were also asked to provide the date of most recent donation as "If yes, when did you last donate blood?" with boxes to fill in year and month of donation. Similar questions were asked for plasma donation. 10 In Australia, the Australian Red Cross Blood Service is the sole authority for the collection, processing, and distribution of blood and blood products. Throughout the country, it also maintains a complete digital record of donors and donation-related information including the date of each attempted donation made in the system called National Blood Management System (NBMS). Before 2007 the Blood Service was run as individual state-based centers, with each state storing donor records in different ways. After the nationwide merge in 2007, donor data was centralized and updated in the central NBMS. However, for NSW, complete data was uploaded in NBMS for donations made on June 1, 2002, and onward. Thus, blood donation data set containing only those donors who have donated on June 1, 2002, and onward was used for data linkage.
The NSW Centre for Health Record Linkage (CHeReL) conducted the linkages of the 45 and Up Study data and blood donors' data provided by the Blood Service using a probabilistic matching method using name, date of birth, and street address.
11 Previous quality assurance audits for linkages done by CHeReL using the master linkage key shows a false-positive rate of <0.05%.
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The conduct of the 45 and Up Study was approved by the University of New South Wales Human Research Ethics Committee. This specific study was approved by the NSW Population Health Research Ethics Committee (2016/02/633) and the Blood Service (2015#13).
Statistical analysis
A blood donor was defined as correctly reporting the donation history if he or she had a recorded donation within 10 years before the date of survey and responded "yes" to the survey questions asking if he or she ever had been a blood donor. A participant was defined as incorrectly reporting blood donation history if he or she had reported a donation within 10 years before the date of survey but had no record of such donation within that period in the blood donor database. Similarly, the same definitions were used to validate the reporting of plasma donation. We defined completeness of date of most recent donation information in self-report if the donor reported year as well as month of donation in the 45 and Up Study among those who reported ever donating blood.
The distribution of mean age, sex, university education (no, yes), country of birth (Australia, overseas), employed full time in paid work (no, yes), smoking (never, present, past), self-reported general health (excellent, very good, good, fair, poor), history of Alzheimer's in family (no, yes), and history of dementia in family (no, yes) was compared between those correctly and incorrectly reporting history of blood donation and between those who did and did not provided complete date of blood donation (both year and month of donation).
Chi-square test was used to compare the distribution of categorical variables and t test was used to compare the distribution of continuous variables between the participants who correctly and incorrectly reported blood donation. Similar methods were used to compare the characteristics of donors who did and did not provide the complete date of blood donation. A p value of less than 0.05 was considered significant.
The accuracy of the most recent donation date when provided was measured as the discrepancy in number of months between the most recent self-reported and most recent recorded blood donation before the date of the survey. For further insight into the extent of recall error in selfreported date of donation, a plot of difference in number of months of most recent self-reported donation date and recorded donation date was plotted against the number of years from the date of survey to the most recent documented donation. All analyses were conducted with computer software (Stata 14, StataCorp LLC).
RESULTS
Of 142,503 participants who completed the 45 and Up Study follow-up survey in 2012 to 2015, a total of 67,348 (47.3%) and 7061 (5.0%) self-reported ever donating blood and plasma in the past, respectively. Among those self-reporting a prior whole blood donation, 71.9% (n = 48,411) and 27.7% (n = 18,650) provided a valid year and year as well as month of most recent donation, respectively. Whereas, 82.0% (n = 5792) and 43.6% (n = 3082) of those self-reporting a prior plasma donation provided a valid year and year as well as month of most recent donation, respectively. Of those selfreporting whole blood donation (n = 23,113) and plasma donation (n = 4451) within the last 10 years of survey, 6262 (27.4%) and 1444 (33.0%) had no record of donation within that period, respectively. Of those 6262 who had reported but had no record of whole blood donation and 1444 who had reported but had no recorded plasma donation, 35.6 and 36.6% reported donations made within 1 year before the survey, respectively.
Characteristics of participants between those correctly and incorrectly reporting history of blood donation were not markedly different except for smoking and country of birth ( Table 1 ). The proportion of never-smokers was slightly higher in those correctly reporting history of donation (63.0%) compared to those incorrectly reporting (60.6%; p < 0.001). Also, the proportion of Australian-born participants was slightly higher in those correctly reporting history of donation (83.5% vs. 79.3%, p < 0.001). Overall, there appears to be a better self-reported general health status in those correctly reporting history of blood donation (Table 1) .
Of those donors who had recorded donation of whole blood within last 10 years of the survey (n = 19,623), 86.5 and 51.3% reported a valid year and year as well as month of most recent donation, respectively. Among these donors, 19,149 (97.6%) self-reported that they had ever donated blood in the past, 266 (1.4%) reported "never donated," 28 (0.1%) were not sure, and 180 (0.9%) provided no information. Similarly, among those who had a recorded event of plasma donation by plasmapheresis within 10 years before the date of survey (n = 3550), 3302 (93.0%) self-reported that they had ever donated plasma in the past, 190 (5.3%) reported never donated, 28 (0.8%) were not sure, and 30 (0.9%) provided no information.
Characteristics of participants reporting and not reporting complete date information (year as well as month of donation) of the most recent blood donation are presented in Table 2 . Briefly, male donors, Australian born, those in full-time paid employment, with university education and with excellent or good self-reported health were more likely to provide complete reporting of their date of most recent donation. Also, those who provided the complete date of donation information were less likely to have family history of dementia but family history of Alzheimer's disease was similar in both groups ( Table 1) .
As blood donation history was complete for donors in the linked blood donor database for donations made on June 1, 2002, and onward, the accuracy of self-reported date of most recent blood donation is limited to donations made within the last 10 years before the date of the survey as the survey was completed from year 2012 to 2015. For those who provided a valid self-reported date of their most recent donation (year and month), the discrepancy with the nearest recorded date of blood donation from the date of survey is shown in Fig. 1 . Of the total, 45.6% reported the most recent blood donation year and month accurately. The median discrepancy in the reported and actual date was 0 months (first quartile and third quartile, 0 and 1 months) when the actual date of donation was within the last year of the survey. However, the median discrepancy increased as the length of time from the actual date of donation increased. Donors consistently self-reported a date that was more recent than the actual recorded date of donation and this pattern was similar for whole blood donations and plasma donations.
DISCUSSION
In this study we observed that almost 98% of donors donating blood in recent 10 years could accurately report the donation history as ever been a blood donor but approximately one in four of the survey participants claiming to be a blood donor in the recent 10 years may actually have not donated blood. Further, only a half of the donors provided complete information on date of most recent blood donation. Among those who completed this information, there was a wide variation from the actual date of recorded donation, with donors consistently reporting a date more recent than the actual date. The amount of variation continually increased as the actual date of the most recent donation was further away from the date of the survey.
Our results on discrepancy of self-reported and recorded history of blood donation are in agreement with a previous report from Australia which reported that of those who had recorded donation 93% also self-reported ever donating blood in the past, and of those who self-reported ever donating blood only 75% had a recorded history of donation. 7 A possible explanation for this finding is that a substantial proportion of people may report other events of phlebotomy, such as pathology blood taking, as an event of blood donation. For the more specific donor history questions asked in the 45 and Up Study regarding the most recent date of donation, only a half of donors provided complete information, and the accuracy of the reported date decreased with the increase in time from the date of survey to the most recent date of recorded donation. Overall, donors were likely to report a more recent date compared to actual recorded date of donation. Thus, studies relying on self- reported data on time since last donation and examining any subsequent health effect after reported date of donation should be highly cautious of such differential reporting error and the consequences of relying on such information. To our knowledge this is the first study validating the accuracy of self-reported date of most recent donation through comparison with the actual recorded date of donation. As the Blood Service is the sole national authority for blood collection in Australia, all donations made anywhere within Australia are captured, thus giving us a complete record of donations. However, there is a possibility that donations made overseas are not captured by the Blood Service data system, but such donations in recent years as examined in this study are likely to be small in number and are unlikely to impact on overall results of this study. One major limitation of this study is that the recorded electronic data on blood donations made in the Blood Service in NSW was complete for donors who have made at least one donation on June 1, 2002, or onward; thus we were not able to validate the date of self-reported donations before that date. Also, a small number of donations made between 2002 and 2006 by people who moved into NSW from other states and later became the participants of the 45 and Up Study may not have been detected because not all states have complete donation history available in NBMS from 2002. Further, our study population only consists older adults (about 50 years and older at the time of follow-up survey). Younger people may have different ways of electronically keeping their records about blood donations and may access them while filling out surveys. Thus, the responses on accuracy and completeness of donation history reported by our study population may be different to donors aged 18 to 49 years.
In conclusion, although past donors may accurately report their history of ever donating blood, approximately one in four of the participants claiming blood donation may actually have not donated blood. Overall, only half of blood donors provided the complete date of most recent donation and, when provided, there was a large discrepancy from the actual recorded date of donation. Also, donors consistently reported a date more recent than the actual date of donation. Thus, self-reported dates are not a reliable measurement of actual date of donations, particularly when information is sought regarding donations that were given longer than 1 year before the survey. Researchers should seek recorded date of donation either through record linkages or through review of recorded date of donation by other means. We thank the many thousands of people participating in the 45 and Up Study and also those who donated blood to save lives of others. 
